and methyl sugar, which was identified as ribose on the basis of GC-MS analysis of the trimethylsilyl derivative. Key HMBC correlation from H-1Ј to C-6 in 1 was critical in establishing the position of ribose attached at C-6.
The The absolute configuration of the ribose unit was determined as D from the optical rotation of the tetraacetate derived from ribose. The specific rotation of ribose tetraacetate, [a] D Ϫ55.2°(cϭ0.5, MeOH), which was obtained from acid hydrolysis of 1 with 9% aq. HCl, indicated the presence of Dribose in 1. 7, 8) From all of these results the structure of asperflavin ribofuranoside was deduced as
Compounds 1-4 exhibited a radical scavenging activity against DPPH with IC 50 values of 14.2, 11.3, 11.5 and 48.5 mM, respectively. Among them, 1-3 were more potent than the positive control, ascorbic acid (IC 50 , 20 mM).
Compound 1 also showed a moderate antibacterial activity against the methicillin-resistant and multidrug-resistant Staphylococcus aureus with MIC values of 50.0 mg/ml, respectively.
Experimental
General The instruments used to obtain the physical data were the same as those described in our previous paper.
9)
Fungal Isolation and Culture The fungal strain, Microsporum sp., was isolated from the surface of the marine red alga Lomentaria catenata collected at the Golmae Village, Ulsan City, Korea in 2004, and identified based on the morphological evaluation and on the fatty acid methyl ester analysis (Korean Culture Center of Microorganisms, Seoul, Korea; similarity index 0.62). A voucher specimen is deposited at Pukyong National University with the code MFA212-1. The fungus was cultured (20 l) for 30 d (static) at 29°C in SWS medium: soytone (0.1%), soluble starch (1.0%), and seawater (100%).
Extraction and Isolation The culture broth and mycelium were separated, and the resulted broth and mycelium were extracted with ethyl acetate and CH 2 Cl 2 -MeOH (1 : 1) to provide the broth extract (800 mg) and the mycelium extract (600 mg), respectively. Both extracts were combined, and the total extract (1.4 g) was fractionated by silica gel flash chromatography (n-hexane/EtOAc) to generate four fractions containing compounds 1-4, respectively. Final purification of the each fractions by ODS column chromatography (H 2 O in MeOH), followed by HPLC (YMC ODS-A, MeOH), yielded the asperflavin ribofuranoside (1, 7.0 mg), flavoglaucin (2, 19.0 mg), isodihydroauroglaucin (3, 5.0 mg), and citrinin (4, 12.0 mg), respectively. Table 1 for NMR spectral data.
Compounds 2-4 showed spectral data virtually identical to those reported in the literature.
2-4)
Acid Hydrolysis of 1, and Sugar Analysis A solution of 1 (10 mg) in 9% dry methanolic HCl (0.5 ml) was stirred at r.t. for 3 h (N 2 atmosphere). The reaction mixture was neutralized with Ag 2 CO 3 and filtrated. The residue, obtained by removal of the solvent, was purified by Si gel (CH 2 Cl 2 -MeOHϭ10 : 1), and then with HPLC (ODS-A, MeOH) to furnish an aglycone (6 mg), which was identical to asperflavin (1a), 5) and methyl ribofuranoside fraction (2 mg).
The sugar fraction was dissolved in pyridine (0.5 ml) and treated with bis(trimethylsilyl)trifluoroacetamide (BSTFA) (0.5 ml) at r.t. for 30 min. Solvent was removed by a nitrogen stream and the residue dissolved in hexane was used for GC-MS analysis [(DB-1MS column, 60 mϫ0.32 mm); N 2 as a carrier gas at 0.7 ml/min; the program rate: 80-260°C at 5°C/min] showing peak at t R 19.54 min, which corresponded to those of TMS/Me derivative of ribose (m/z 380 [M] ϩ ). Determination of the Stereochemistry of the Ribofuranose A solution of 1 (14.7 mg) in 9% aq. HCl (10 ml) was stirred at 80°C for 1 h. The reaction mixture was treated as described above, and the residue thus obtained was partitioned into H 2 O and CH 2 Cl 2 to give the organic phase and the aqueous phase. Acetylation of the aqueous portion (10 mg), obtained after removal of the solvent under reduced pressure, in the usual manner (acetic anhydride-pyridine) furnished the ribose tetraacetate (11.6 mg Radical Scavenging Assay 10) Samples to be tested were dissolved in MeOH and the solution (160 ml) was dispensed into wells of a 96-well microtiter tray. Fourty microliters of the DPPH solution in MeOH (1.5ϫ10 Ϫ4 M) was added to each well. The mixture was shaken and left to stand for 30 min, and the absorbance of the resulting solution was measured at 520 nm with microplate reader (Packard Co., Spectra Count TM ). The scavenging activity on DPPH radical was expressed as IC 50 , which is the concentration of the tested compound required to give a 50% decrease of the absorbance from that of the blank solution [consisting of MeOH (160 ml) and DPPH solution (40 ml)].
Antibacterial Assay 11) The in vitro antibiotic activity in extracts and purification samples were evaluated by the conventional a 2-fold serial dilution method using S. aureus, methicillin-resistant S. aureus, and multidurgresistant S. aureus as an indicator strain. A 5-ml suspension containing 10 5 cells per ml was used as inoculum of the test organism. The MIC values were determined after the inoculation for 18 h at 37°C.
